We report on the influence of the chemical composition on the electronic properties of molybdenum oxynitrides thin films grown by reactive sputtering on Si (100) substrates at room temperature. The partial pressure of Ar was fixed at 90 %, and the remaining 10 % was adjusted with mixtures N 2 :O 2 (varying from pure N 2 to pure O 2 ). The crystalline and electronic structures and the electrical transport of the films depend on the chemical composition. Thin films grown using oxygen mixtures up 2 % have γ-Mo 2 N phase and display superconductivity. The superconducting critical temperature T c reduces from ~ 6.8 K to below 3.0 K as the oxygen increases. On the other hand, films grown using oxygen mixtures richer than 2 % are mostly amorphous. The electrical transport shows a semiconductor-like behavior with variable-range hopping conduction at low temperatures. The analysis of the optical properties reveals that the samples have not a defined semiconductor band gap, which can be related to the high structural disorder and the excitation of electrons in a wide range of energies.
Introduction
The structural, mechanical and electronic properties of ceramics usually depend on the doping level and the type of anions. For oxynitrides, the oxidation state of the cations, the bond covalence and the band structure can be tuned by mixing oxygen and nitrogen. The wide range of electronic and optical properties make them promising candidates for photocatalysis [1, 2] , electronic [3, 4, 5] and solar energy applications [6] .
Depending on the potential application, the study of the physical properties of metallic oxynitrides usually is performed in nanoparticles [7] and in thin films [8] . In addition to the doping, the properties of the materials are also affected by the microstructure.
Among the chemical and physical methods for the fabrication of thin films, sputtering has the advantage that it is possible to obtain from amorphous to epitaxial structures by modifying the substrate temperature.
From an electronic point of view, it is interesting to study the role of the oxygen doping on the properties of superconducting nitrides. For materials such as TiN [9] and NbN [10] , the structural and electrical properties can be tuned adding oxygen and other dopant elements [ 11 , 12 ] . For example, adding oxygen a crossover from a dirty superconducting nitride (due to paramagnetic oxygen impurities) to a semiconductor oxynitride can be expected [ 13 ] . Among the candidates to analyze the effect of stoichiometry on the electrical and structural properties are molybdenum oxynitrides,
The most common molybdenum oxides are the monoclinic dioxide (MoO 2 ) and the trioxide (MoO 3 ). MoO 2 exhibits unusual properties among oxides, shifting from one with metallic properties into a semiconductor when the structural disorder increases. [14, 15, 16, 17] . MoO 3 is n-type semiconductor [18] . On the other hand, molybdenum nitrides present several superconducting crystalline phases: γ-Mo 2 N (cubic) with a superconducting critical temperature T c~ 5 K [19] , β-Mo 2 N (tetragonal) with T c ~ 5 K
[20] and δ-MoN (hexagonal) with T c ~ 12 K [21, 22] . The chemical composition of molybdenum nitride thin films grown by reactive sputtering can be adjusted by the gas mixture [23] . A distinctive property of γ-Mo 2 N thin films is that its T c rises from ≈ 5 K to 8 K as the disorder at the nanoscale increases [ 24 , 25 ] . Notwithstanding the rich properties displayed by the nitrides and oxides, there are only a few studies on the electrical properties of molybdenum oxynitrides [26, 27] .
In this work, we analyze the influence of the reactive gas mixture on the structural, chemical and electronic properties of molybdenum oxynitrides thin films grown at room temperature by reactive sputtering on Si (100) substrates. The reactive atmosphere is 
Material and methods
Molybdenum oxynitride films were deposited by DC reactive magnetron sputtering on from spectroscopic ellipsometry measurements (Ψ and ∆) carried out in the spectral region of 200-1200 nm using a Woollam NIR-Vis-UV ellipsometer in three different angles of incidence: 61°, 66° and 71°. The data was analyzed using the manufacturer's code. The electrical transport measurements were performed using the standard fourpoint configuration.
Results and discussion
The thicknesses of the films were determined from XRR. The modulation in the Θ-2Θ
scans is related to the thickness d of the film as:
where 1-δ is the real part of the index of refraction of the film, and k = 0 (intensity minimum) and k = ½ (intensity maximum) [28] . Fig.4b ) [30, 31, 32] .
To understand in more detail the electronic structure of the films, we analyzed its valence band spectra. To correlate the microstructure and the electronic properties, we measured the electrical resistivity versus temperature for the different films (see Fig. 6 ). [35] . Figure 7 shows the summary of the results.
The inset in ; ≈ ρ 9 exp A− / 9 / ' B C, [ 3] where ρ 0 is a prefactor, T 0 is a characteristic temperature and the exponent p depends on the shape of the density of states at the Fermi level (FL) [37] . For Mott variable range hopping (VHR) p can be ¼ (3D systems) or 1/3 (2D systems). Moreover, p = ½ is expected for 2D systems in which the Coulomb interaction is important. Figure 8 shows ln (ρ) vs. 
The E h (5 K) goes from 10 µeV to 160 µeV when the oxygen is increased. These values are much smaller than those usually observed for more insulating samples such as manganites and ZnO [39, 40] .
The semiconductor-like behavior in the samples was analyzed by ellipsometry measurements. Refractive index (n) and extinction coefficient (k) were calculated from the modeling of the elipsometric variables (Ψ and ∆). Moreover, K (λ) is different from the dependence expected for semiconductors with a defined band gap. There is not a crossover to lower absorption when the energy decreases. For amorphous semiconductors, there is not long range atomic order.
However, the short-range order remains to some extent, giving rise thereby to a bandlike structure of electron energy states similar to that of crystalline semiconductors.
Nevertheless, the absorption edge becomes indistinguishable due to the high disorder. 
Conclusions
In summary, we analyzed the influence of the chemical composition on the electronic properties of molybdenum oxynitrides thin films grown by reactive sputtering on Si Declarations of interest: none. 
